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ABSTRACT
The guidance document on risk assessment for birds and mammals (GD) provides generic residue values of pesticides on

potential diet items for use in wildlife risk assessments. For most diet items, these values are based on a large number of
residue studies. However, the default residues per unit dose (RUD; standardized for application of 1 kg substance per
hectare) values for fruits were taken from a few literature trials of unclear relevance for regulatory purposes. These trials were
conducted according to neither current European Union (EU) agricultural practice nor to recommendations given in the GD
about how to conduct wildlife‐relevant residue studies. Therefore, field study data on fruit residue levels from applications of
pesticides in fruiting crops were compiled and evaluated. Corresponding studies had been conducted during the last 26 y in
the EU. In the final data set, 291 studies provided 1002 residue values in different fruits, including grapes, berries (currants,
raspberries, gooseberries), fruits from orchards (apple, peach, pear, lemon, mandarin, orange, apricot, cherry, plum), gourds
(pumpkins, cucumbers, squash, melons), and strawberries. This data set provides a basis for revising registration‐relevant
RUD values for fruits as potential diet items for birds and mammals in environmental wildlife risk assessments. The objective
of this study was to estimate the resulting residue levels in different fruits determined under field conditions following the
application of pesticides across their growing areas within the EU in diverse climatic areas that can be used directly in wildlife
risk assessments. The large data set of usually about more than 100 residue values per “fruit group,” all evaluated at EU
member state level, revealed significantly lower RUDs compared to the current default RUDs presented in the GD. These
new RUD values for fruits should be considered for use as default values in future bird and mammal risk assessments and in
respective guidance documents. Integr Environ Assess Manag 2021;17:552–561. © 2020 The Authors. Integrated Environ-
mental Assessment and Management published by Wiley Periodicals LLC on behalf of Society of Environmental Toxicology
Chemistry (SETAC)
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INTRODUCTION
Potential negative effects of pesticides on nontarget

wildlife need to be assessed according to the European
Union (EU) Regulation 1107/2009 (EC 2009). For this pur-
pose, the current European Food Safety Authority (EFSA)
guidance document (GD) on risk assessment for birds and
mammals (EFSA 2009) provides the general procedures to
assess the risks to birds and mammals. The GD is intended

to be revised in the near future (Lahr et al. 2018;
EFSA 2019).

The current scheme of the European environmental risk
assessment follows a tiered approach, starting with worst‐
case assumptions. For a risk assessment on birds and
mammals exposed to pesticides, a toxicological endpoint,
determined in toxicological studies, is compared to ex-
posure estimates for representative wild bird and mammal
species (for more details, see Ludwigs et al. 2013; Brooks
et al. 2017). The species‐specific exposure estimates result
from model calculations in which the food intake (i.e., diet
items and amount per fraction) and the concentration of
pesticide residues in these diet fractions are considered.

Therefore, a key data set for the risk assessment given in
the GD (Table 1 in Appendix F of EFSA 2009) are the pre-
sented default initial residue levels (expressed as residue
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per unit dose [RUD]) of pesticides on potential diet items
after application. The RUD is defined as the residue con-
centration on the respective diet items as a result of a
pesticide application, standardized for a rate of 1 kg sub-
stance per hectare.
Although the default RUD values for green plant matter

given in the GD are based on a relatively large number of
registration‐relevant residue decline studies provided by
industry during the compilation of the GD, the respective
RUD values for other bird and mammal diet items are based
on a rather limited database. This is particularly the case for
fruits, where the current default values given in the GD are
derived from only a small data set of unclear quality, pub-
lished in Baril et al. (2005).
The actual intention of Baril et al. (2005) was to update

earlier databases on residues, to examine whether ex-
trapolating residue values across application rates is justi-
fied, and to establish a categorization of crop groups using
crop morphology and cultivation methods. The authors
established the following categories in fruiting crops: 1) small
fruits from orchards (such as apricot, cherry, date, fig, kiwi, or
plum), 2) large fruits from orchards (such as apple, lemon,
mandarin, nectarine, orange, pear, or peach), 3) berries (such
as black currant, blueberry, grape, or raspberry), 4) tomatoes,
and 5) gourds. Strawberries (an important crop and potential
fruit diet for vertebrates) were not covered.
However, the fruit residue data given in Baril et al. (2005)

have several significant shortcomings. For instance, data
were derived from studies with unknown design conducted
in different regions of the world. Although more than
700 publications from the open literature were consulted for
examination, only 25 field studies submitted by manu-
facturers to support registration were included in the data-
base. Therefore, relevance for European regulatory
purposes is strongly limited, given that most studies may not
have been conducted in line with current EU agricultural
standards or the GD (EFSA 2009; EC 2017). Further, the
publication gives only a few details of the studies that
contributed to the residue levels in the individual crop

groups. For example, there is a lack of information on the
Biologische Bundesanstalt, Bundessortenamt und CHemi-
sche Industrie (BBCH) growth stages (Meier 2018), which
play an important role in today's risk assessment when it
comes to classifying the various scenarios and selection of
exposed (focal) species. Furthermore, with the exception of
tomatoes, the derived RUD values for fruits in Baril et al.
(2005) are based only on relatively few residue trials (e.g.,
n= 9 for berries, n= 33 for orchard fruits). Moreover, for
some crops, such as strawberries, no crop‐specific residue
data are available in Baril et al. (2005) and hence the cor-
responding default RUD value for strawberries in the GD is
extrapolated from residue values for berries and grapes.
Hence, we consider it important to update and extend the

residue data for fruits in order to have a robust data set
available. We examined a large number of industry field
studies conducted within the last 26 y on fruit residues after
applications of modern pesticides in different fruit crops.
These studies, actually conducted to define maximum res-
idue doses for the metabolism and residues section of
registration dossiers, provided initial residues recorded after
application, which were used for the present evaluation. This
large and comprehensive data set on fruit residues was
derived from trials conducted in accordance with standard
agricultural practice in diverse climatic areas across the EU
during respective fruiting seasons. The initial (or maximal)
residue values were then used as the basis for statistical
analysis to derive representative RUD values in fruits as
potential diet items for frugivorous birds and mammals.
In addition, we investigated in detail the relationship be-

tween the application rates used in these studies and the
resulting residue levels. The RUD concept in the EFSA GD is
based on a linear extrapolation of expected environmental
concentrations across different application rates. Therefore,
we tested whether this basic assumption is also fulfilled in
the fruit residue data set here. Furthermore, we examined
for each fruit category (according to the GD) whether the
fruit species within each group show significant differences
from each other.
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Table 1. EFSA (2009) risk assessment scenarios for frugivorous birds and mammals

Crop group Scenario Generic focal species

Bush and cane fruit Fruit stage BBCH 71–79 Frugivorous bird (blackcap)

Bush and cane fruit Fruit stage BBCH 71–79 Frugivorous mammal (dormouse)

Fruiting vegetables Fruit stage BBCH 71–89 Frugivorous bird (crow)

Fruiting vegetables Fruit stage BBCH 71–89 Frugivorous bird (starling)

Fruiting vegetables Fruit stage BBCH 71–89 Frugivorous mammal (rat)

Orchards Fruit stage BBCH 71–79 Frugivorous mammal (dormouse)

Strawberries Flowering/development of
fruit/Maturity of fruit BBCH 61–89

Frugivorous bird (starling)

Vineyard Ripening Frugivorous bird (thrush/starling)

BBCH= Biologische Bundesanstalt, Bundessortenamt und CHemische Industrie scale; EFSA= European Food Safety Authority.
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Finally, we provide new default RUD values for environ-
mental risk assessments for frugivorous scenarios of birds
and mammals, which are considered more appropriate
and reliable than the current default values (see Table 1 in
Appendix F of EFSA 2009).

METHODS AND STATISTICS

Choice of relevant data

In total, 291 field studies (providing 1002 residue trials)
conducted between 1991 and 2017 were available, meas-
uring residue levels on fruits in different numbers of sepa-
rate field trials (n= 1–8) per study after pesticide application
(insecticides and fungicides) (Table 2). All study protocols
followed regulatory‐relevant study guidance documents
(e.g., OCSPP 860.1500 [OCSPP 2009], OECD TG 509
[OECD 2009]). Samples were collected on the day of ap-
plications and the following days. All studies were con-
ducted for registration purposes, and only studies fulfilling
the following criteria were included in the data set and
considered for further analysis:

• Samples for residue analysis were taken at appropriate
fruit ripening stages (see Table 1) on the day of appli-
cation and shortly thereafter.

• Study was conducted under good laboratory practice (GLP)
and evaluated at EU member state level as acceptable.

• Percentage recovery of spiked samples during analysis
was not below 80%, ensuring that the residues found do
not significantly underestimate the actual value.

• For “grapes” and “large fruits from orchards,” only trials
with 1 application were considered due to the large
number of available trials covering these crop groups.

• For “berries,” “gourds,” “small fruits from orchards,” and
“strawberries,” trials with up to 8 applications were used.
As a conservative approach, the first residue measure-
ment directly after the last application was considered.

Relevant information regarding the pesticide used (active
substance [a.s.]), application method, application rate,
concentration of a.s., fruit type, BBCH growth stage (ac-
cording to Meier et al. 2018), country, time of sampling, and
the residue concentrations was extracted from each study
report. Residue levels after last treatment (DALT0; i.e., on
the day of application or shortly thereafter if maximum value
was not measured at DALT0) were taken for further analysis.

The final data set consisted of 1002 initial or maximum
residue values (each from 1 crop field trial conducted to
determine the magnitude of the pesticide residue in fruits)
from the following fruit types: grapes, currants, raspberries,
gooseberries, apples, peaches, pears, lemons, mandarins,
oranges, apricots, cherries, plums, pumpkins, cucumbers,
squash, melons, and strawberries. The active substances
used in 34% of the trials were insecticides and in 66% were
fungicides.

The GD (EFSA 2009) defines specific frugivorous sce-
narios (5 for birds and 3 for mammals), grouping fruits with
similar growing patterns, and therefore it is assumed that
the exposure of species utilizing these fruit crop groups will
be comparable (Table 1). The available residue data were
therefore grouped into the existing GD‐relevant crop
groups, defining the different diet items needed for calcu-
lating the exposure in the risk assessment. In general, for the
frugivorous scenarios according to the GD, residue data
from growth stages of development of fruits (BBCH 71–79)
and maturity of fruits (BBCH 81–89) are required. For details
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Table 2. Data set from field studies providing data on initial and maximum fruit residues after application of pesticides

EFSA (2009) GD crop group Vineyard
Bush and
cane fruit Orchard

Fruiting
vegetables Strawberries

Fruit group according to EFSA (2009) GD Grapes Berriesa Large fruitsb Small fruitsc Gourdsd Strawberries Total

Nr of studies (n) 22 65 43 38 88 35 291

Nr of different active substances 10 9 10 10 12 6 n.a.e

Insecticides/fungicides (%) 43/57 28/72 99/1 34/66 10/90 31/69 34/66

Nr of trials (n)

C‐EU 45 124 27 115 58 82 451

S‐EU 53 56 100 77 209 56 551

Total 98 180 127 192 267 138 1002

Maximum number of treatments before first
sample

1 5 1 2 8 2 8

C‐EU= central European zone; EFSA= European Food Safety Authority; GD= guidance document; S‐EU= southern European zone.
a Currants, raspberries, and gooseberries.
b Apple, peach, pear, lemon, mandarin, and orange.
c Apricot, cherry, and plum.
d Pumpkins, cucumbers, squash, and melons.
e Not applicable because the same substance can be used in different crops.
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on growth stages according to extended BBCH scales, see
Meier (2018). Hence, from the available studies, those trials
were selected that meet the requirements regarding the
growth stages that have to be covered in the specific risk
assessment scenarios (for an overview, see Table 3).

Analysis of data

Data analysis was performed using Microsoft Excel
(Microsoft Corporation 2010) and GraphPad InStat for
Windows version 3.10 (GraphPad 2009).
The main principle in the analysis of the data was to ob-

tain a coherent data set that is as large as possible (also for
subsets) without overlooking potentially relevant differences
between subsets of the data. Therefore, the data were ex-
amined with regard to identifying differences in residue
levels attributable to recognizable fruit characteristics or
groups of fruit within the groups of crops treated together in
risk assessments under the current GD (EFSA 2009). How-
ever, differences between different substances (pesticides)
are not investigated in detail because this distinction is not
made in the GD (EFSA 2009).
We calculated the RUD for each residue value by dividing

the highest measured value by the applied rate of pesticide
(or the rate at last treatment in cases of more than 1 appli-
cation) to be most conservative. Successive applications are
usually undertaken to maintain an efficiency level. In any
case, higher residues and therefore RUDs will result from
multiple applications irrespective of application intervals
and rates applied before. Hence, using the last application
rate before first samplings will lead to a conservative esti-
mation of the RUD.

Then we tested whether the data distributions of the re-
sulting RUD values followed Gaussian distributions using
the Kolmogorov and Smirnov method (Bortz et al. 1990).
Because measured residues, as well as the calculated RUD
value distributions, did not follow a normal distribution, we
applied nonparametric tests: Mann‐Whitney Test (MWU) for
comparing 2 unpaired groups and Kruskal‐Wallis Test (KW)
to compare 3 or more unpaired groups (followed by Dunn's
post‐test) on the residue data. All tests were conducted as
2‐tailed, and values of P< 0.05 were considered to indicate
statistically significant differences. If tests did not indicate
significance, the data were not separated but were further
analyzed together in order not to split the data set into
unnecessarily small groups.
We computed medians and quantiles as representative

parameters per subset due to data distributions. However,
means and standard deviation were also calculated and are
given in table format as is done for the current default res-
idue data in the GD (EFSA 2009). It should be noted that the
GD (EFSA 2009) proposes mean (for chronic risk) and 90th

percentile RUD values (for acute risk) per diet fraction or fruit
group, even if from a statistical point of view the median
would be more representative for such data distributions,
that is, if the data did not follow a normal distribution.
The data set was analyzed in terms of identifiable groups

(subsets) within the regulatory‐relevant fruit groups to as-
certain possible different residue loads due to the geo-
graphical area from which the data originate.
With regard to the EU pesticide risk assessment scheme in

ecotoxicology, the EU is divided into 3 regulatory zones,
North, Central, and South (EC 2017). Besides potential dif-
ferences between fruit groups, we thus also paid particular
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Table 3. New RUD values calculated for fruit groups according to EFSA (2009)

EFSA (2009) crop group Vineyard
Bush and
cane fruit Orchard Orchard

Fruiting
vegetables Strawberries

Fruit group analyzed Grapes Berriesa Large fruitsb Small fruitsc Gourdsd Strawberries

BBCH stages covered by
evaluated studies

79–95 75–89 74–87 77–88 71–89 73–89

Nr of trials= residue values (n) 98 180 127 44 209 138

Mean RUD (SD) 1.6 (1.1) 5.0 (3.6) 0.9 (0.6) 2.8 (1.4) 0.7 (0.7) 1.2 (0.7)

Lower 95% confidence limit 1.4 4.4 0.7 2.4 0.6 1.0

Upper 95% confidence limit 1.8 5.5 1.0 3.2 0.8 1.2

Maximum 5.5 25.2 4.8 6.4 6.3 3.8

90th percentile 2.9 9.2 1.5 4.3 1.3 2.2

Median 1.3 4.5 0.7 2.6 0.6 1.0

Minimum 0.2 0.4 0.2 0.8 0.0 0.1

BBCH= Biologische Bundesanstalt, Bundessortenamt und CHemische Industrie scale; C‐EU= central European zone; EFSA= European Food Safety Authority;
RUD= residue per unit dose; S‐EU= southern European zone.
a Currants, raspberries, and gooseberries.
b Apple, peach, pear, lemon, mandarin, and orange.
c RUD value from cherries (C‐EU), covering apricot and plum (C‐EU), and cherry, apricot, and plum (S‐EU); total of 192 trials.
d RUD value from pumpkins, cucumbers, squash, and melons from studies conducted in S‐EU (covering 58 additional RUD values from C‐EU).
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attention to potential differences existing between residues
from different regulatory zones within the same fruit group. All
available trials were fromeither southern EU (S‐EU; 551 trials in
the final data set) or central EU (C‐EU; 451 trials). According to
the GD (EFSA 2009), France is considered part of the southern
regulatory zone. However, in terms of residue data, France
is split into northern and southern parts according to the
European Commission (EC 2017) and European and Medi-
terranean Plant Protection Organization climatic zones (EPPO
2014) to better reflect the differences in Mediterranean and
Atlanticmaritime conditions within the country. In line with this
approach, we assigned all trials conducted in northern France
(N‐FR) to the C‐EU zone and all trials conducted in southern
France (S‐FR) to the S‐EU zone subset of data.
Within the regulatory‐relevant groups of berries, gourds,

and fruits from orchards, we examined whether the ap-
pearance and surface texture of fruits potentially had any
impact on residue levels.
Because for berries, gourds, small fruits from orchards,

and strawberries, trials with up to 8 applications were used,
testing was done to check whether the number of applica-
tions has a significant effect on the level of residues, which
would mean that pooling the data is not appropriate.
When calculating the exposure, the RUD values are mul-

tiplied by the respective application rate according to the
application pattern. Therefore, all subsets or fruit groups,
respectively, were examined to determine whether the basic
assumption of a linear relationship between application rate
and resulting residue levels was confirmed. This was done
because a linear relationship makes it possible to use the
residue data derived from any study at any application rate.
Hence, a linear function should at least approximately de-
scribe the relationship with sufficient reliability. To test for
linearity, we performed a linear regression and then tested
whether the data differ significantly from the determined
linear equation with the runs test (RT) (Wald and Wolfowitz
1940) determining the number of series of consecutive
points whose residuals are either all positive or all negative
(runs) related to the regression line.
In cases where there was no direct linearity in the rela-

tionship between application rate and residues, we checked
whether the calculated exposure under the assumption of
linearity (RUD concept of the GD, taking into account the
number of applications and a corresponding application
interval) overestimated or underestimated the measured
values. Therefore, the calculated residues were compared
with the measured residues at the same application rate. To
be conservative in terms of risk assessment, it was therefore
requested that a higher proportion (at least >2/3) needed to
exhibit the higher values than those measured by calculating
the residues according to the RUD method.

RESULTS
The purpose of the present analysis was to investigate the

relationship between pesticide application rates and the
residue levels in fruits that are treated together in risk as-
sessments as determined in crop groups. Therefore, the

results are presented with regard to the crop groups as
given in the GD (EFSA 2009).

Grapes: EFSA (2009) crop group “vineyards”

For grapes, as crop group “vineyards” according to the
GD (EFSA 2009), a data set of 98 residue values from fruit
samples collected in a comparable stage of development
(BBCH 79–95) was available. As for all other crop groups
according to the GD EFSA (2009), 2 subsets of data can be
assumed from a regulatory perspective based on the dif-
ferent regulatory zones: S‐EU (with residue trials available
here from southern France, Italy, Spain, Portugal, Greece)
and C‐EU (trials from Germany, northern France). However,
the results from S‐EU and C‐EU showed nearly identical
residue medians (1.4mg/kg S‐EU; 1.3mg/kg C‐EU), which
did not differ significantly from each other (MWU, P= 0.17).
In addition, no significant deviations from linearity were
found for both S‐EU (RT, P= 0.47) and C‐EU (RT, P= 0.44).
This confirms that both data sets meet the requirements for
RUD calculation according to the GD (EFSA 2009). There-
fore, it was considered appropriate to combine the data of
both regulatory zones and derive an overall RUD value for
grapes, covering all cultivation areas (see Table 3).

Fruits from orchards: EFSA (2009) crop group “orchards”

Temperate orchards consist of perennial tree plantings
that include pome fruits and stone fruits (Extended BBCH
scale, Meier 2018). Crop trees that fall into the GD
(EFSA 2009) crop group “orchards” are diverse in fruit types
and characteristics such as size and morphology. Particularly
the volume–surface relations and details of the structure of
the skin may potentially influence the residue level. Large
fruits from pome fruit and citrus orchards, such as apple,
peach, pear, lemon, mandarin, and orange, normally exceed
5 cm in diameter and are consumed by frugivorous and
omnivorous small animals in small pieces only. Stone fruits
such as cherries are smaller and can be swallowed as a
whole, at least by some species. In the GD (EFSA 2009),
different residue values are given for small and large fruits
from orchards. Also in our data set there is a significant
difference between residues of apple, peach, pear, lemon,
mandarin, and orange (i.e., large fruits), and apricots,
cherries, and plums (i.e., small fruit; MWU, p< 0.0001).
Therefore, we followed the classification in the GD (EFSA
2009) according to fruit size for further analysis.

Large fruits from orchards. In the category of large fruits
from orchards, 127 residue values from apple, peach, pear,
lemon, mandarin, and orange have been combined. The
developmental stages of the fruits analyzed ranged from
BBCH 74 to 87 (including growth stages of maturity of
fruits), thus only slightly exceeding the BBCH range given
for the corresponding frugivorous scenario in orchards ac-
cording to the GD (EFSA 2009), which is BBCH 71 to 79
(until the final stage of fruit development). Large fruits from
orchards exhibit a variety of fruit types and morphologies.
However, no differences between RUDs of individual fruit

Integr Environ Assess Manag 2021:552–561 © 2020 The Authorswileyonlinelibrary.com/journal/ieam
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samples (such as apples and pears with a rather plain and
even surface, and peaches with a hairy and fuzzy surface)
were found (Dunn's test; P> 0.05). Therefore, these poten-
tial subsets were grouped. The runs test indicated no sig-
nificant deviation from linearity (RT, P= 0.10), confirming
that the residue data in large orchard fruit meet the re-
quirements for the RUD calculation according to the GD
(EFSA 2009). The medians of residue data from S‐EU (for this
fruit group, France, Italy, Spain, Portugal, and Greece) and
C‐EU (Germany, northern France) did not differ significantly
(MWU, P= 0.62). It was therefore considered acceptable to
combine the zonal data to derive an overall RUD value for
large fruits from orchards (see Table 3).

Small fruits from orchards. In the GD (EFSA 2009) residue
category of “small fruits from orchards,” fruits such as
apricot, cherry, and plum have been combined (n= 192).
The developmental stages of the fruits analyzed range from
BBCH 77 to 88, thereby slightly exceeding the fruit growth
stages in the GD crop group “orchards” (i.e., BBCH 71–79).
Measured residue levels of studies with 1 or 2 applications,
based on sampling taken on the day of application, did not
differ significantly from each other (MWU, P= 0.129). The
runs test again indicated no significant deviation from line-
arity (RT, P= 0.08), confirming that the residue data in small
orchard fruit meet the requirements for the RUD calculation
(see EFSA 2009).
The S‐EU data were available from southern France, Italy,

Spain, and Greece and C‐EU data from Germany, northern
France, Austria, the Netherlands, Belgium, Hungary, Poland,
the Czech Republic, and the United Kingdom for small fruits
from orchards. Here, the residue levels of the 2 geo-
graphical subsets based on the different regulatory zones
differed significantly from each other (MWU, P< 0.02), with
a median of 2.0 mg/kg for S‐EU (n= 77) and a median of
1.4mg/kg for C‐EU (n= 115). In the S‐EU, apricots ac-
counted for about 67% of the residues, whereas in the C‐EU,
cherries and plums accounted for 84% of the residues.
Therefore, the data for further analysis were kept separately
by location.
Comparing differences between RUDs of individual fruit

samples (such as apricots, cherries, and plums), variation
among different fruits was apparent (KW, P< 0.001). Plums
exhibited significantly lower residue levels (median 0.6mg/
kg, n= 52, C‐EU; and 0.4mg/kg, n= 13, S‐EU) than either
cherries (median 2.8mg/kg, n= 44, C‐EU; and 1.1mg/kg, n
= 13, S‐EU, MWU) or apricots (median 2.3mg/kg, n= 19, C‐
EU; and 2.2mg/kg, n= 51, S‐EU, MWU) (Dunn's test; P
< 0.01).

Therefore, it seems justified to give separate values for
plums and cherries and apricots as a combined group, re-
spectively. Nevertheless, for pragmatic reasons, a single
value is proposed (the highest among the different groups;
see Table 3) as a conservative approach that covers all
group‐specific RUD values in small fruits.

Gourds: EFSA (2009) crop group “fruiting vegetables”

Fruits such as pumpkins, cucumbers, squashes, and
melons are combined in the EFSA GD as gourds. The (final)
application took place during fruit development and ma-
turity of fruits and seeds (BBCH 71–89), thus matching the
requirements for fruiting vegetables scenarios as given in
the GD (EFSA 2009). With 267 residue values, this data set
was the largest. No difference in residue levels between
round and spherical fruits such as squashes and melons or
elongated fruits such as zucchinis or cucumbers was found
(MWU, P= 0.85). The number of applications (up to
8 treatments in some studies) also had no significant influ-
ence on the residue level measured on fruit samples after
the last application in each case (KW, P= 0.91). Therefore,
the runs test and the other analyses were done with the full
data set, irrespective of fruit shape or number of applica-
tions.
Runs test did not indicate significant deviation from line-

arity (RT, P= 0.46). This confirms that residues in gourds
meet the requirements for the RUD calculation. The com-
parison of the 2 geographical subsets revealed significant
differences in residue data between studies conducted in
S‐EU (data from southern France, Italy, Spain, Portugal, and
Greece) with a median of 0.7mg/kg (n= 209) and C‐EU
(from Germany, Belgium, Hungary, Poland, Switzerland, and
northern France) with a median of 0.4mg/kg (n= 58; MWU,
P< 0.05). In the interests of a conservative approach and for
pragmatic reasoning, the data set leading to the higher of
the 2 values is selected to provide a single value for risk
assessment for gourds (see Table 3).

Berries: EFSA (2009) crop group “bush and cane fruit”

In the EFSA (2009) GD category “berries,” different fruits
such as currants, raspberries, and gooseberries have been
combined. In all the studies we analyzed, the applications
were made during fruit development and ripening (BBCH
75–89) and the data thus meet the requirements of the
respective risk assessment scenarios of BBCH 71 to 79 for
frugivorous birds and BBCH 71 to 89 for frugivorous mam-
mals. The data set with 180 residue values is considered
heterogeneous in relation to fruit types, sizes, and details of
the skin structure. However, no significant difference was
found between, for example, currants and raspberries
(MWU, P= 0.74), indicating that size and skin structure had
no significant influence on the residue content. For goose-
berries only a limited number of residue measurements
were available (n= 3), which excludes any meaningful stat-
istical comparison.
The number of applications (up to 5) did not significantly

influence the final RUD values (KW, P= 0.098). No devia-
tions from a linear model were indicated for S‐EU (RT, P=
0.78) and C‐EU (RT, P= 0.062). This confirms that both data
sets meet the requirements for the RUD calculation. The
median RUDs of S‐EU (from southern France, Spain, Italy)
and C‐EU (from Belgium, Germany, the United Kingdom,
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Poland, the Netherlands, Hungary, and northern France) did
not differ significantly from each other (MWU, P= 0.75) and
an overall RUD value was thus derived (see Table 3).

Strawberries: EFSA (2009) crop group “strawberries”

The GD (EFSA 2009) defines strawberries as an in-
dependent crop group, requiring its own risk assessment
scenarios for birds and mammals (Table 1), but the current
default RUD value for strawberries given in EFSA GD (2009)
is not actually based on residue samples from strawberries
(rather, it is based on residues on grapes). In the underlying
database, the residues on strawberries (median 4.5mg/kg,
n= 180) differ significantly from those in other berries
(median 1.0mg/kg, n= 138) (MWU, P= 0.0001). This in-
dicates that strawberries should also be treated as a separate
crop in the future.
A risk assessment for frugivorous birds is required in

strawberries from flowering through development of fruit to
maturity of fruits (BBCH 61–89) in the GD (EFSA 2009). In the
data set for strawberries, 138 residue values from growth
stages BBCH 73 to 89 were available, covering the entire
fruiting period required (principal growth stages 7, devel-
opment of fruit, to 8, ripening or maturity of fruit and seed).
There were no significant differences in RUDs based on
samples taken after 1 or 2 applications (MWU, P= 0.154) or
between S‐EU and C‐EU (MWU, P= 0.84; C‐EU data were
from Belgium, Germany, northern France, Hungary, the
Netherlands, and the United Kingdom; S‐EU data from
Spain, southern France, Greece, Italy, and Portugal).
Therefore, a single RUD value for strawberries can be rec-
ommended (see Table 3). However, the runs test indicated a
deviation from a linear model. Significantly fewer runs than
expected (46 points above, 93 below the line, and 41 runs)
indicate that the relationship between application rate and
residue level followed a curve rather than a straight line (RT,
P= 0.0001).
To check whether the assumption of a linear relationship

when using this value in risk assessments would over‐ or
underestimate the risk due to exposure, the calculated
residues (RUD concept) were compared with the measured
residues. An underestimation of the actual residue level
should be avoided. An evaluation of the cases in which the
predicted values of the linear model are compared with the
measured residues showed that in 81% of cases (using a
multiple application factor of 1.4 for mean residue data,
2 applications, interval 14 d; see Appendix H in GD
EFSA 2009) the predicted values overestimated the meas-
ured values. In 19% of cases, the calculated residues un-
derestimated the measured residues with an average of
−0.01mg/kg (3.9%). The assumption of a linear correlation
will hence in most cases not underestimate the residues in
strawberries and, if it does, only by a small amount. The RUD
approach is therefore considered conservative.

DISCUSSION AND CONCLUSION
The objective of the present project was to reexamine and

derive robust initial pesticide residue levels in fruits

determined under field conditions as potential diet for birds
and mammals according to EFSA (2009) risk assessment
principles. Based on a large data set of residue measure-
ments from more than 1000 independent residue trials in
total, we were able to obtain relevant data on fruits as diet
of birds and mammals from usually ≥100 trials per EFSA
(2009) GD‐defined crop group. For the calculation of RUDs,
the highest residue values were taken after the last appli-
cation (not necessarily at the day of treatment). Fur-
thermore, we present specific data on strawberries, which
are currently missing in the GD (EFSA 2009) and confirm that
the split of fruits from orchards into small and large fruit
orchard types (in the GD) is justified from the RUD concept
perspective.

The current default RUD values for fruits in the GD are
derived from open literature as reviewed by Baril et al.
(2005) and are based on a relatively small number of trials
(n= 9–33, depending on the fruit group). Baril et al. (2005),
as the only basis for the current EFSA (2009) RUD default
values for fruits, refer to 180 residue values (about half of
them from tomatoes) which are divided into 6 different fruit
groups, leaving 96 residue values across the remaining
groups of fruits covered in this paper. Baril et al. (2005) give
no detailed information on methods of application, chem-
ical substance used, or sampling methods. Data from dif-
ferent regions of the world, technologically dependent
countries (Europe, North America, Australia, New Zealand),
and countries with a greater reliance on human‐powered
equipment (Africa, India, Far East, Middle East) were com-
bined. In addition, the data by Baril et al. (2005) cover the
time between 1970 and 1999. The number of pesticides and
active substances authorized in the EU is constantly
changing. Since the 1970s, significant changes in the active
substances, formulations, and preparation of spray mixes
have occurred. Because the database of Baril et al. (2005)
includes studies that are not conducted according to current
EU agricultural standards and due to small data sets, the
resulting RUD values are of questionable relevance for cur-
rent European regulatory purposes.

In contrast, the RUD values presented here (see Table 3)
are based on 291 studies providing >1000 residue trials.
The database available here covers the last 26 y and is
therefore more up to date in terms of both the pesticides
and the design of the residue study. The latter in particular
has undergone significant changes in the course of the last
revisions of the GD for risk assessment (Appendix F in
EFSA 2009).

All studies used in the present analysis were conducted
following regulatory‐relevant study designs and were eval-
uated by EU member state authorities as being acceptable
within the European regulatory processes. Fruit residues
sampled on the day of application (or peak residues shortly
thereafter) for all required fruiting crop groups are provided
(including strawberries). These RUD values are mostly sig-
nificantly lower compared to the default RUDs (EFSA 2009;
see Table 4). However, compared to the current default
RUD values, the RUD values presented here are considered
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to be of higher relevance for European regulatory processes
because the underlying residue trials were all conducted in
European member states, according to current EU agricul-
tural standards, and the overall data set is much larger.
Regarding the zonal authorization of plant protection

products in the EU, various attempts have been made to
establish different parameters per regulatory zone for use in
the risk assessment (zonal guidance and work sharing
documents, e.g., Southern Zone Guidance 2017, Northern
Zone Guidance 2018). This may be justified in cases where
default or refinement parameters are actually expected to
differ between zones (e.g., focal species; see Dietzen
et al. 2014). However, as shown in the Results section, re-
garding fruit residues, a subdivision into different zones
seems not to be justified or required. In general, there were
only small or negligible differences in residue levels be-
tween trials conducted in S‐EU and C‐EU. If a statistically
significant difference was found (e.g., small fruits from or-
chards), the absolute difference between mean RUD values
was still small. Nevertheless, in these cases, the zonal data
set was evaluated separately and the highest value of an
identifiable group of fruits is proposed to be taken as de-
fault to follow a conservative risk assessment approach (such
as Tier 1). Hence, a joint consideration of the data appears
more reasonable than to make further distinctions, and we
propose to use a single RUD value per fruit group for S‐EU
and C‐EU zones in general. This pragmatic approach is in
line with the current use of the GD (EFSA 2009) default
values and thus ensures easy applicability of the new values
in the existing risk assessment procedures.
In terms of fruit type, the data set is not homogeneous in

groups combining different fruiting plants such as in or-
chards, gourds, and berries. Different berries, pome, and
stone fruits exhibit a variety of different fruit shapes, sizes,
and surfaces. Particularly fruit size, volume–surface area

relationship, and details of the skin structure likely influence
the residue levels. However, the current division into groups
that are jointly regulated seems to generally work in the area
of fruit residues because no significant differences were
detected among different pome fruits (apple, peach, pear,
lemon, mandarin, and orange) or within the group of berries
(currants, raspberries, and gooseberries).
In the category of “small fruits from orchards,” different

fruits have been combined (apricot, cherry, plum) as per
EFSA 2009. Residues from studies with 1 or 2 applications
did not differ. However, the data were separated by location
for further analysis. In the S‐EU database, most residue
values originate from apricots, whereas in the
C‐EU the residues were dominated by cherries and plums.
Plums exhibited significantly lower residues than did cher-
ries and apricots. Therefore, it could be considered to adapt
this in a revised RUD crop grouping. However, in line with
current risk assessment practice, we here propose again a
single default value for this predefined fruit group (taking
the highest value, from cherries in C‐EU,
n= 44), covering all other small orchard fruits for first tier
evaluations (n= 192).
For “grapes” and “large fruits from orchards,” it was pos-

sible to consider only trials with 1 single application due to
the large data set available. For the categories of “other
berries,” “gourds,” “small fruits from orchards,” and “straw-
berries,” studies with more than 1 application were also
used to obtain a larger data set. In these cases, values from
the day of the last application were taken, representing a
conservative estimate of RUD values because RUDs should
be highest after the last application. However, as shown in
the Results section, the number of applications had no sig-
nificant influence on the residue level in all tested crop
groups. This indicates that the selected application intervals
of modern plant protection products generally do not lead
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Table 4. Current default RUD values for frugivorous scenarios taken from EFSA (2009) and proposed new default RUD values

Fruit group

Current default RUD values of EFSA (2009)
GD (mg/kg)

Proposed new default
RUD values (mg/kg)

Mean ± SD
90th

percentile
Residue
values (n) Mean ± SD

90th

percentile
Residue
values (n)

Grapes 8.3 ± 7.25 16.75 9a 1.6 ± 1.1 3.3 98

Berries 5.0 ± 3.6b 9.2 180

Large fruits from orchardsc 19.5 ± 16.8 41.1 33 0.9 ± 0.6 1.5 127

Small fruits from orchards 3.3 ± 2.6 6.5 33 2.8 ± 1.3d 4.3 44

Gourds 34.3 ± 54.7 61.5 19 0.7 ± 0.7e 1.3 209

Strawberries Not given in EFSA (2009) 1.2 ± 0.7 2.2 138

C‐EU= central European zone; EFSA= European Food Safety Authority; GD= guidance document; RUD= residues per unit dose; S‐EU= southern
European zone.
a Residues on grapes and berries (6 trials grapes and 3 trials cane fruits) taken together in the GD (EFSA 2009).
b Currants, raspberries, and gooseberries.
c Apple, peach, pear, lemon, mandarin, and orange.
d RUD value from cherries (C‐EU), covering apricot and plum (C‐EU), and cherry, apricot, and plum (S‐EU); total of 192 trials.
e RUD value from pumpkins, cucumbers, squash, and melons from studies conducted in S‐EU (covering 58 additional RUD values from C‐EU).
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to a build‐up of residues in fruits but rather maintain an even
level to be efficient against the targets.

The GD (EFSA 2009) requires a frugivorous bird scenario
(starling) in strawberries, from flowering through develop-
ment of fruit to maturity of fruits (BBCH 61–89). It is noted
that the relevant EFSA scenario for strawberries is not re-
stricted to the actual fruiting growth stages but starts at the
beginning of flowering. A separate RUD for strawberry fruits
(starting from BBCH 73, Seeds clearly visible on receptacle
tissue, to BBCH 89, Second harvest: more fruits coloured)
based on corrected crop‐specific data is therefore proposed
here to cover this scenario appropriately.
The results of the runs test indicate that the residue data

in strawberries deviates from a linear relationship between
residue and application rate. Previously published results
also indicate that the relationship between application rate
and residue concentration might not actually be linear in
general (Bennett et al. 1994; Pfleeger et al. 1996). It could
indeed be argued that a simple linear relationship between
application rate and residues is expected, given the com-
plex relationships between the various parameters that de-
termine residue values (chemical and its metabolism after
application, fruit size, surface texture, abiotic factors during
application). However, because our aim was to determine
new default RUD values for the regulatory processes, this
question is beyond the focus of the present work, and we
were interested only in whether the assumption of a linear
relationship will lead to an underestimation of the true res-
idue values in the model. A more detailed evaluation of the
data revealed that the predicted values of the linear model
(using the current RUD concept) rather overestimate the
measured values. Although our data for strawberries in
principle support earlier studies regarding possible non-
linearity (Bennett et al. 1994; Pfleeger et al. 1996), they also
suggest that the deviations resulting from the use of a
model assuming linearity are likely minimal. For the other
fruit groups, linearity was shown.
As shown by Baril et al. (2005), the mean RUD values for

fruits were generally much lower (3 to 19 times) than the
corresponding values for leaves and shoots. These ob-
servations are not unexpected, considering that fruits are most
often found within the canopy of fruiting plants. The degree to
which the spray is intercepted by leaves may depend to var-
ious degrees on the plant morphology, such as size of leaves,
canopy density during fruit development, placement and size
of the fruits, and the method of spray application.
The study of the fruit residues indicates that fruit residues

are based on a complex interaction between fruit charac-
teristics, abiotic factors during application, and chemical
properties of the substance. However, the analysis of the
linearity in the relationship between application rate and
residues confirms that the current RUD concept can calcu-
late expected residues following different application rates
with reliable accuracy. Even in cases where the linearity is
not given, as in the “strawberry” group, the method will
rather overestimate the actual mean residue level. The RUD
concept, therefore, can be considered valid and

conservative in regard to the reported fruit residues pro-
posed to be used as defaults in first tier risk assessments.

For small orchard and berry fruits, our RUD data sets are
of a similar order of magnitude to the data sets of Baril et al.
(2005), whereas our RUD data sets for large orchard fruits
and pumpkins are very different. The reason for this may
be the larger database, which allows for more robust aver-
aging. However, it may also be explained in part by the use
of newer products with less active ingredient content, better
formulations, and more modern application methods. Un-
fortunately, it is not possible to make individual comparisons
of fruit groups in the 2 databases at present because the
original data from Baril et al. (2005) have not been pub-
lished. In any case, our results seem to support separate
RUD categories for strawberry and for grape. The low
values indicate that the current extrapolations in the GD
(EFSA 2009) are too conservative.

In summary, the present work contributes significantly to
bringing more reliability into EU risk assessment procedures
for pesticides by assessing residue levels in fruits de-
termined under agricultural field conditions in nearly all fruit‐
growing areas of Europe. Based on a large experimental
data set of near to or exceeding 100 residue trials per fruit
group from studies evaluated in EU member states, con-
siderably lower RUD values compared to the current default
EFSA (2009) RUD values were determined. Note that in
cases where the value specified in the table was averaged
from a smaller subset of data, the specified value still covers
a much larger amount of data because it is averaged from
the subset with higher residues.

These new RUD values are considered relevant and appro-
priate for use in wildlife risk assessments of pesticides in
Europe. The proposed default values follow the current EFSA
(2009) GD crop groups and can replace the current RUD
values. However, the large data set also gives the option for
further RUD refinement in higher tier assessments regarding
fruit‐, growth stage‐, or zone‐specific analysis. Nevertheless,
refinement of RUD values per crop will in part lose the benefits
of the large data set. Therefore, it is necessary to carefully
consider whether the remaining, more crop‐specific, data set is
still sufficiently large to justify such refinement.
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List of fruit residue values used for analysis:

Grapes
Other berries
Gourds
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Large fruits from orchards
Small fruits from orchards
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